Two new Pseudomonas species which were isolated from rice paddy and clinical specimens (groups Ve-2 and Ve-1) are described. Strains of Pseudomonas oryzihabitans sp. nov. are yellow-pigmented, oxidase-negative, nonsporeforming, gram-negative, polarly monotrichously flagellated, rod-shaped organisms with deoxyribonucleic acid base compositions ranging from 63.9 to 65.6 mol% guanine plus cytosine, ubiquinone Q-9, major cellular fatty acids consisting of In the course of a study of the microflora of rice paddies, a large number of yellow-pigmented, gram-negative bacteria were isolated. Some of these organisms were identified as "Pseudomonas lacunogenes," which was studied by Goresline (7), and some characteristics of our isolates have been published previously (12). When we published the characteristics of our strains of "P. lacunogenes," the original strains which Goresline used for the description of this species and reference strains were not available from any culture collection or other sources. They are still unavailable. The strains of "P. lacunogenes" were a major component of the bacterial flora of normal rice paddies (11). However, this name is not on the Approved Lists of Bacterial Names (26). Recently, we isolated new strains similar to "P. lacunogenes" from normal rice paddies. These cultures were oxidase negative and resembled cultures that Weaver et al. (31), Tatum et al. (30), and Gilardi et al. (6) recognized as groups Ve-1 and Ve-2 of yellow-pigmented, oxidative, oxidase-negative, gram-negative, polarly flagellated, rodshaped, bacteria. Therefore, we attempted to identify our isolates from normal rice paddies by using authentic strains representative of groups Ve-1 and Ve-2.
G. L. Gilardi. Pseudomonas aeruginosa KS0025T (= ATCC 10145T = AJ 2116T = IAM 1514T), Pseudomonas maltophilia biovar I straiti KSOOOIT (= NCIB 9203T = ATCC 13637T = .4J 2082T), and Pseudomonas maltophilia biovar I1 strain KS0194 (= 2kl; from K. Katoh) (15, 16) Were used as reference strains. (Swings et al. [28] transferred P . maltophilia to the genus Xanthomonas as Xanthomonas maltophilia, but, like other authors [ 5 , 14, 15, 21, 22 , 321, we use the name P. maltophilia in this paper.) Identification methods. Cell form, Gram reaction, motility, and flagellar morphology were determined by using cells grown on 0.5% glucose nutrient agar containing 0.5% glucose, 0.5% peptone, 0.5% beef extract, 0.25% NaCl, and 1.5% agar at 30°C. Gram staining was carried out by the Hucker-Conn modification (9). Motility was determined by using the hanging drop method, and flagellar morphology was determined by the staining method of Kodaka et al. (17) and by electron microscopy. Granules of poly-P-hydroxybutyrate were examined in cells cultivated in medium containing 0.02% (NH4)*S04, 0.1% KH2P04, 0.05% MgS04 . 7H20, 0.02% KC1,0.02% yeast extract, and 0.05% DL-P-hydroxy-n-butyrate or 0.5% sodium succinate by using the staining method of Burdon (3). Production of fluorescent pigment was examined on King A and King B media. Growth on MacConkey agar and SS agar was determined after 24 h of cultivation. For the oxidation-fermentation test, OF basal medium (catalog ho. 0688-01; Difco Laboratories, Detroit, Mich.) was used as the basal medium. Glucose was sterilized by filtration and added at a concentration of 0.5%. The GasPak anaerobic system (BBL Microbiology Systems, Cockeysville, Md.) was used for anaerobic cultures. Catalase activity was detected by the production of bubbles in a 3% hydrogen peroxide solution. The oxiilase test was performed with cytochrome oxidase test paper (Nissui Seiyaku, Tokyo, Japan). Nitrate reduction was tested in nutrient broth containing 0.1% KN03 and succinate-nitrate medium (18) . Nitrate respiratiori (anaerobic growth in the gresence of nitrate) was tested by the method of Iizuka and Komagata (13) . Urease activity was determined on Christensen medium (4) after incubation for 1 week. DNase activity was determined on DNase agar (Difco) after 1 and 7 days of incubation. Production of indole was determined with Kovac reagent in 1% tryptone (Difco) broth. Production of hydrogen sulfide was tested on TSI agar for 2 weeks. Hydrolysis of starch Was determined by using an iodine solution on nutrient agar containing 0.2% soluble starch after 1, 3, and 7 days of incubation. Hydrolysis of gelatin was determined in stab cultures in nutrient medium containing 12% gelatin after 4 weeks of incubation at 20 and 30°C. Hydrolysis of Tween 80 was determined on nutrient agar containing 0.2% Tween 80 and 0.01% CaC12 after incubation for 1 week (25) . Hydrolysis of esculin was determined in nutrient medium supplemented with 0.01% esculin and 0.05% ferric citrate. Hydrolysis of ONPG was determined with ONPG disks (Nissui Seiyaku). Both acid and alkaline phosphatase ,activities were detected by the method of Baird-Parker (1). Phenylalanine deaminase activity was determined in phehylalanine-malonate broth (Nissui Seiyaku). Lysine and ornithine decarboxylases and arginine dihyrolase were detected by the method of Moller (20) . Gluconate oxidation was tested by the method of Haynes (8) . Utilization of citrate was tested on Simmons citrate agar. Tolerance to sodium chloride was. tested in nutrient broth containing 6.5% NaCl. The methionine requirement was determined by using chemically defined medium (27) supplemented with DL-methionhe (20 mgl1,OOO ml). Cleavage of protocatechuate was examined by using the I ' All strains gave positive results for the following tests: growth on MacConkey agar, production of water-insoluble yellow pigment in cells, and catalase. All strains gave negative results for the following tests: Gram stain, spore forination, oxidase, production of fluorescent pigment, nitrate respiration, production of indole and H2S, hydrolysis of starch and Tween 80, phenylalanine deaminase, lysine and ornithine decarboxylases, methionine requirement, ahd decomposition of agar. All strains degradated protocatechuate by ortho cleavage.
Number of strains positive/number of strains tested. PHB, Poly-p-hydroxybutyrate.
method of Hugh and Gilardi (10). To study acid production from sugars and sugar aleohds, O F basal medium (Difco) was used as the basal medium. A total of 18 carbon compounds were sterilized by filtration and added at concentrations of 0.5%. To determine the utilization of 29 carbon compounds, chemically defined medium (27) was used as the basal medium. The carbon compounds were used at the following concentrations: 0.2% for sugars, starch, inulin, and sugar alcohols; 0.1% for organic acids; and 0.025% for phenol. Utilization of hydrogen was determined on medium containing 33 ml of Na2HP04-KH2P04 buffer (1 M, pH 6.8),
FeC13 * 6H20, 0.005 g of CaC12, 15 g of agar, and 967 ml of distilled water under an atmosphere containing 80% hydrogen, 10% oxygen, and 10% carbon dioxide at 30°C for 2 weeks. "P. lacunogenes" strains KS0036, KS0037, and KS0222, new isolate KS0905, group Ve-2 strains KS0913 and KS0915, and group Ve-1 strains KS0920 and KS0921T were used in the test for hydrogen utilization. DNA base composition. Cells cultivated in 0.5% glucose nutrient broth at 30°C for 24 h with shaking were used for DNA analysis. DNA was extracted by the method of Saito and Miura (24) , and DNA base composition was calculated from the thermal denaturation temperature of the DNA by using the formula of Marmur and Dotey (19) .
Cellular fatty acid composition. Cells cultivated in 0.5% glucose nutrient broth at 30°C for 24 h with shaking were used for the cellular fatty acid analysis. Cellular fatty acids were liberated from cells by methanolysis with 5% 1 g of NH4C1, 0.5 g of MgS04 * 7H20, 0.05 g of VOL. 35, 1985 PSEUDOMONAS ORYZIHABITANS AND P . LUTEOLA 469 Number of strains positive/number of strains tested.
HC1-methanol (14) . Hydroxy acids were separated by thinlayer chromatography by the method of Oyaizu and Komagata (22) . Methylated esters were analyzed by gas chromatography, using a model GC-6A chromatograph (Shimadzu, Kyoto, Japan) equipped with a hydrogen flame ionization detector. This instrument contained a capillary column (Diacoat Silar 1OC; 0.25 mm by 30 m; Nippon Chromato, Tokyo, Japan). Quinone system. Cells cultivated in 0.5% glucose nutrient broth at 30°C for 24 h with shaking were used for quinone analysis. Quinone systems were determined by the method of Tamaoka et al. (29) .
Cytochrome pattern. Cells cultivated in chemically defined medium (27) containing 0.5% yeast extract (Difco) at 30°C for 36 h with shaking were used to determine the difference spectra of cytochromes. The difference spectra were compared over the range from 390 to 650 nm by using the method of Stanier et al. (27) and a model UV3000 double-beam recording spectrophotometer (Shimadzu).
RESULTS
The phenotypic characteristics of the strains studied are shown in Tables 1 and 2. The six " P . lacunogenes" strains, the eight new isolates from normal rice paddies, and the five group Ve-2 strains had the same phenotypic characteristics.
The group Ve-1 strains differed from the "P. lucunogenes" strains, the new isolates, and the group Ve-2 strains in some phenotypic characteristics.
Phenotypic characteristics of "P. lacunogenes" strains, new
isolates, and group Ve-2 strains. The 19 strains studied were nonsporeforming, gram-negative, rod-shaped organisms measuring 0.7 to 1.0 by 1.5 to 2.5 pm; their cells had rounded ends. The cells were motile by means of a polar monotrichous flagellum (Fig. 1) . The seven strains examined accumulated a small number of poly-P-hydroxybutyrate granules in their cells. All 19 strains produced a yellow water-insoluble pigment in their cells, but did not produce a water-soluble fluorescent pigment on King A and B media. The surfaces of the colonies on 0.5% glucose nutrient agar were mostly smooth, but sometimes wrinkled. All 19 strains grew on MacConkey agar; 17 strains grew on SS agar. The organisms produced acid from glucose under aerobic conditions, but not under anaerobic conditions. Catalase was produced. Oxidase was not produced. Nitrate was reduced to nitrite by four strains (succinate-nitrate medium). Nitrate respiration was negative. A total of 18 strains had urease activity, and 2 strains showed DNase activity. Indole and hydrogen sulfide (TSI medium) were not produced. Hydrolysis of starch, hydrolysis of Tween 80, hydrolysis of esculin, and hydrolysis of ONPG were not observed. Gelatin was hydrolyzed by 15 strains at 30°C. Acid and alkaline phosphatases were not produced. Lysine and ornithine decarboxylases, phenylalanine deaminase, and arginine dihydrolase were not produced. Four strains oxidized gluconate. Good growth was observed on Simmons citrate agar (except for group Ve-2 strain KS0913). A total of 13 strains grew in medium containing 6.5% NaC1, and 14 strains grew at 42°C. Q-9 Q-9 Q-9 Q-9 Q.9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 9-9 Q-9 Q-9 Q-8 Q-8
tions of the ' b P . lacunogenes" strains, the new isolates, and the group Ve-2 strains ranged from 63.9 to 65.6 mol% G+C. The DNA base compositions of the group Ve-1 strains ranged from 55.4 to 55.9 mol% G+C (Table 3) . Cellular fatty acid composition. All of the strains studied contained large amounts of even-numbered straight-chain Clgz1 acid, c 1 6 : o acid, and c 1 6 : 1 acid. Small amounts of even-numbered straight-chain acid, C14:o acid, and C18:o acid were also detected. The hydroxy acids detected were 3-OH-Clo:o acid, 3-OH-C12:o acid, and 2-OH-Clz:o acid (Table   4 ). P. maltophilia biovar I strain KSOOOIT and P. maltophilia biovar I1 strain KS0194 contained large amounts of iso-C1s:o acid, anteiso-C15,0 acid, c 1 6 : 1 acid, and C16:o acid (Table 5) .
Quinone systems. All of the strains had a ubiquinone Q-9 system (Table 3) . P. maltophilia biovar I strain KSOOOIT and P. maltophilia biovar I1 strain KS0194 had a ubiquinone Q-8 system. Cytochrome difference spectra. None of the strains studied showed absorption at 551 to 554 arid 522 to 524 nm. On the other hand, P. aeruginosa KS0025T, which produced oxidase, showed absorption at 553 and 523 nm (Table 6 and Fig.  3 and 4) . According to Stanier et al. (27) , these spectral features are characteristics of type c cytochromes. The results of the cytochrome difference spectrum and oxidase tests revealed that none of the strains studied produced cytochrome c oxidase.
DISCUSSION
The "P. Zacunoglenes" strains, new isolates, group Ve-2 strains, and group Ve-1 strains are nonsporeforming, gramnegative, polarly flagellated, rod-shaped organisms and produce acid from glucose only under aerobic conditions. They produce catalase and a yellow water-insoluble pigment in their cells. Therefore, the "P. lacunogenes Percentage of the total acids. T, Acid present at a concentration of less than 0.5%.
isolates, group Ve-2 strains, and group Ve-1 strains belong to the genus Pseudornonas or the genus Xanthomonas. They do not produce oxidase. Therefore, they share a unique taxonomic position. P . maltophilia and the strains in the genus Xanthomonas differ from the b b P . lacunogenes" strains, new isolates, group Ve-2 strains, and group Ve-1 strains in cellular fatty acid composition and ubiquinone system; namely, the major cellular fatty acids of P . maltophilia and Xanthomonas species are is0 and anteiso branched-chain fatty acids (15, 21, 22) , and the quinone systems of these species are ubiquinone Q-8 systems (5, 15, 32) . In addition, xanthomonadins commonly found in Xanthomonas species (2) were not found in a ' b P . lacunogenes" strain and a group Ve-1 strain (unpublished data). Moreover, the ' b P . lacunogenes" strains, new isolates, group Ve-2 strains, and group Ve-1 strains clearly differ from the yellow pseudomonads, Pseudomonas flava and Pseudomonas palleronii. The former are oxidase negative and do not utilize hydrogen, whereas the latter are oxidase positive and utilize hydrogen. The hydroxy fatty acids of the "P. lacunogenes" strains, new isolates, group
Ve-2 strains, and group Ve-1 strains are 3-OH-Clo:o acid, 3-OH-C12,0 acid, and 2-OH-C12,0 acid, whereas the hydroxy fatty acid of P.flava is 3-OH-Clo,o acid and the hydroxy fatty acid of P. palleronii is 3-OH-Cg:o acid (22) . Furthermore, P. Java and P. palleronii have ubiquinone Q-8 systems (32) . For these reasons, the "P. lacunogenes" strains, new isolates, group Ve-2 strains, and group Ve-1 strains are considered to be two new Pseudomonas species, as described below.
As mentioned above, the six "P. lacunogenes" strains, the eight new isolates, and the five group Ve-2 strains showed the same phenotypic and chemotaxonomic characteristics. Therefore, these bacteria are members of the same taxon. On the other hand, the five group Ve-1 strains are clearly distinguished from the "P. lacunogenes" strains, new isolates, and group Ve-2 strains by phenotypic and chemotaxonomic characteristics (Table 7) . The DNA base compositions of the group Ve-1 strains are lower than the base compositions of the other strains in the genus Pseudomonas (23) . Some of the differential characteristics between group Ve-2 and group Ve-1 have been described previously by Gilardi et al. Goresline (7) reported that "P. lacunogenes" decomposed agar, but our isolates and the group Ve-2 strains did not decompose agar. Moreover, at present the strains which were used for the description of bbP. facunogenes" are not available from culture collections or other sources. Considering the phenotypic and chemotaxonomic characteristics and the historical background of "P. lacunogenes" and group Ve-2, we propose to establish a new species, Pseudomonas oryzihabitans, for these bacteria. In the same manner, we propose to establish a new species, Pseudomonus futeofa, for the group Ve-1 strains.
Description of Pseudomonas oryzihabitans Kodama, Kimura, and Komagata sp. nov. Pseudomonas oryzihabitans (Fig. 1) . Granules of poly-P-hydroxybutyrate do not accumulate in the cells. Endospores are not formed. Gram negative.
Colonies on 0.5% glucose nutrient agar are smooth or wrinkled, entire or erose, flat to convex, light yellow, and 2 mm in diameter after 2 days of incubation at 30°C. A pellicle is formed on the surface of 0.5% glucose nutrient broth. A water-insoluble yellow pigment is produced. No watersoluble fluorescent pigment is produced. Growth occurs on MacConkey agar and SS agar.
Metabolism is strictly respiratory. Oxidative, but not fermentative. Catalase is produced. Oxidase is not produced. Nitrate is reduced to nitrite (succinate-nitrate medium). Nitrate respiration is negative. Urease is produced. Indole and hydrogen sulfide are not produced. Starch, Tween 80, esculin, and ONPG are not hydrolyzed. Gelatin is not hydrolyzed. Acid and alkaline phosphatases, lysine and ornithine decarboxylases, phenylalanine deaminase, and arginine dihydrolase are not produced. Gluconate is not oxidized. Good growth occurs on Simmons citrate agar. Growth occurs in medium containing 6.5% NaCl. trehalose, mannitol, glycerol, acetate, pyruvate, malonate, DL-P-n-hydroxybutyrate, fumarate, gluconate, 2-ketogluconate, succinate, p-hydroxybenzoate, and glutamate are utilized, but sucrose, lactose, raffinose, inulin, starch, phenol, o-hydroxybenzoate, and m-hydroxybenzoate are not utilized. Hydrogen is not utilized.
The DNA base composition is 65.1 mol% G+C (as determined by the thermal denaturation method).
The cellular fatty acids consist of large amounts of evennumbered straight-chain C18:1 acid, C16:o acid, and C16:1 acid, and small amounts of even-numbered straight-chain C12:o acid, 3-OH-Clo:o acid, 3-OH-C12:0 acid, and 2-OH-Cl2:o acid.
The ubiquinone is ubiquinone Q-9. The cytochrome difference spectra do not show absorption at 551 to 554 and 522 to 524 nm.
The type strain is strain KS0036 (= L-1 = AJ 2197 = IAM 1568 = JCM 2592), which was isolated from a rice paddy by Iizuka and Komagata in 1963.
The description given above is based on the characteristics of type strain KS0036, and variations in the characteristics among the strains of the species are shown in Tables 1  through 4 and 6.
Description of Pseudomonas luteola Kodama, Kimura, and Komagata sp. nov. Pseudomonas luteola (lu. te' 0. la. L. dim. adj. luteola yellowish) cells are rods 0.8 by 2.5 pm and have rounded ends. The cells occur singly, rarely pairs, and are motile by means of polar multitrichous flagella (Fig. 2) . A small number of poly-P-hydroxybutyrate granules accumulate in the cells. Endospores are not formed in the cells. Gram negative.
Colonies on 0.5% glucose nutrient agar are smooth or wrinkled, entire or erose, flat or convex, light yellow or pale yellow, and 3 mm in diameter after 2 days of incubation at 30°C. A pellicle is formed on the surface of 0.5% glucose nutrient broth. A water-insoluble yellow pigment is produced. No water-soluble fluorescent pigment is produced. Growth occurs on MacConkey agar and SS agar.
Metabolism is strictly respiratory. Oxidative, but not fermentative. Catalase is produced. Oxidase is not produced. Nitrate is reduced to nitrite (succinate-nitrate medium). Nitrate respiration is negative. Urease and DNase are produced. Indole and hydrogen sulfide are not produced. Starch and Tween 80 are not hydrolyzed. Gelatin, esculin, and ONPG are hydrolyzed. Acid and alkaline phosphatases and arginine dihydrolase are produced. Lysine and ornithine decarboxylases and phenylalanine deaminase are not produced. Gluconate is not oxidized. Good growth occurs on Simmons citrate agar. Growth does not occur in medium containing 6.5% NaCl. Good growth occurs at 42°C. Methionine is not required for growth. Cleavage of protocatechuate is of the ortho type. Agar is not decomposed. The DNA base composition is 55.4 mol% G+C (as determined by the thermal denaturation method).
The cellular fatty acids consist of large amounts of evennumbered straight-chain Clgrl acid, Cl6:0 acid, and C1f:l acid, and small amounts of even-numbered straight-chain C12:o acid, 3-OH-Clo:o acid, 3-OH-Clz:o acid, and 2-0H-C12,0 acid. The ubiquinone is ubiquinone Q-9. The cytochrome difference spectra do not show absorption at 551 to 554 and 522 to 524 nm.
The type strain is strain KS0921 (= Gilardi 4239 = IAM 13000 = JCM 3352), which was isolated from a clinical specimen by G. L. Gilardi. The description given above is based on the characteristics of type strain KS0921, and variations in the characteristics among the strains of the species are shown in Tables 1 through 4 and 6.
